The magnetoresistance of a two-dimensional electron gas (2DEG) subjected to a weak two-dimensional (2D) lateral superlattice potential is expected to reflect the peculiar self-similar energy spectrum of Bloch electrons in a magnetic field. i.e.. the splitting of Landau levels (LL's) into sublevels. One experimentally established effect of a periodic potential is that the discrete LL's are transformed into Landau bands and cause magnetoresistance oscillations due to an extra band-conductivity contribution. Theoretically.
this band-conductivity contribution is expected to be suppressed if the splitting of the Landau bands is resolved. We study the suppression of the band-conductivity as a function of the electron mobility at millikclvin temperatures. Microfabricated gates, defined on top of high mobility GaAs/AIGaAs heterojunctions. are used to electrostatically impose a ZD-periodic potential with 150 nm period upon the ZDEG. By applying a positive bias the electron mobility is increased and we find the h~lnd-conductivity effectively suppressed if the mobility is well above I x It)" cm'/Vs.
In the presence of a weak one-dimensional (1D) lateral superlattice potential the magnetoresistance of a 2DEG displays two types of oscillations reflecting the commensurability between cyclotron radius R, and period a [ 11. Measuring the magnetoresistance parallel ( yy-component) and perpendicular (xx-component) to the lD-modulation, both types are clearly distinguishable.
Minima in p,, are always observed when (1) is valid. Within a Boltzmann transport picture the oscillatory behaviour of pxx (but not of pY,) can be described semiclassically. Extending this picture to the case of a weak 2D-periodic potential gives the same answer: an additional cosine potential in y-direction only results in an additional drift-velocity contribution in x-direction but both velocities become zero when 2R, = (h -1/4)a. From this picture we expect band-conductivity oscillations also in the 2D-modulated case. The situation is more complex if the problem is treated quantum-mechanically. As in the semi-classical case a modulation V,(cos(Kx) + cos(Ky)) with the same K = 2rr/a in both lateral directions is considered. Two commensurability effects are effective. In the first place, the Landau bandwidth oscillates in the same mathematical manner as in lD-modmated 2DEG's. For high Landau quantum numbers II, the bandwidth U, is essentially proportional to V,r -"2(nX)-"4cos(2@? -7r/4) [2, 5] . Here V, is the modulation amplitude, assumed small compared to hoc, and X= K212/2 with I = (zl/eR) 'I2 the magnetic length. Secondly, the additional modulation in y-direction couples Landau states with center coordinates differing by integer multiples of i2K and each Landau band splits into p subbands if
i.e., if the flux Q, = Ba* per unit cell is a rational multiple of the flux quantum Q0 = h/e [7, 8] . It is this Landau level subband splitting that can causes the destruction of the band-conductivity contribution if the intrinsic collision broadening, due to random scattering events, is small enough [9] . If the subbands become resolved with respect to impurity broadening (thermal smearing does not matter), the velocity matrix elements ("group velocity") between the subbands do not contribute and the band-conductivity contribution is suppressed. If, on the other hand, collision broadening prevents the resolution of the LL-subbands the band-conductivity contribution is effective again [9, 11] . The suppression of the band-conduc- The mobility y = 950000 cm'/Vs is not high enough to suppress the dominating band-conductivity.
Here N, = 1.6 x 10" cm-'. tivity in high-mobility samples has been demonstrated recently by using the in situ-holographic illumination technique [10, 9] . In this contribution we investigate experimentally the evolution from a dominating band-conductivity to an oscillating scattering rate controlled conductivity mechanism by changing the electron mobility. Magnetoresistance is measured in a 2D-periodic potential with lattice constant a = 150 nm. For this periodicity Ba2, the flux through the unit cell, is increased by one flux quantum, h/e, if the magnetic field is increased by _ 0.18 T. Electron beam lithography has been used to define the lateral superlattice on high mobility GaAs/ AlGaAs heterojunctions as is sketched in fig. la . In a first step a periodic array of dots is written Even without biasing a modulation is present: the metal-semiconductor contact at the bottom of each hole changes the band bending due to differences in the work functions and results in a built-in periodic potential. A slight reduction of the carrier density in samples with Schottky gates is usually observed. Data from two samples are shown here. Both devices have a carrier density Ns -2 X 10" cm-' and a mobility p around 1.5 X 10h cm2/Vs in the ungated areas. Both have a 2.4 pm GaAs buffer layer and a 20 nm GaAs cap layer; sample A (B) has a 34 nm (28 nm) thick AlGaAs spacer, and a 34 nm (40 nm> Si-doped (-5 X 10" cm-') AlGaAs layer. The total distance between surface and 2DEG for both samples therefore was 88 nm.
For an applied negative gate bias of -200 mV, P,~ is displayed for three different temperatures in fig. lb . At 1.6 K, band-conductivity oscillations are observed at low fields where SdH-oscillations are still not resolved due to thermal broadening of the LL's (kT 2 hw,). The arrows mark the flatband condition (eq. (1)): the cyclotron radius at the Fermi energy E,, R, = h{2ry, /eB, has been calculated from N,, deduced from the SdH-oscillations at higher fields. At magnetic fields below 0.3 T the 1.5 K-data meet the semiclassical expectation
[ll]: Landau quantization is not resolved and minima in P,~, = p),, are observed when eq. (1) One effect of the positive bias is that the carrier density and the mobility is increased.
In the simplest approximations, the mobility I_L is directly . An increased p therefore reduces the intrinsic linewidth I' (caused by random scattering events) and the internal LL-structure (subband splitting) becomes better resolved. We expect an applied bias also to influence the built in periodic potcntial. The gaps between LL-subbands are proportional to the bandwidth U, and V,, directly determines the gap size. Vo, however, is not a very well-known parameter which is also due to the fact that the "built-in" periodic potential (at zero gate voltage) is not known. Applying a positive bias may reduce the periodic potential since the electron density underneath the Schottky-barriers is slightly reduced.
The sequence of data displayed in fig. 2 is taken at a temperature of -50 mK. For gate voltages V, = -100 mV and V, = 0 mV the band-conductivity dominates: minima in the envelope of the SdH-oscillations for flat bands are clearly displayed. For V, = +300 mV the phase of the oscillations has changed and the highest maxima of the SdH-oscillations coincide with flat bands. This indicates the suppression of the band-conductivity (also found in holographically illuminated high mobility samples [10,93> and the maxima now simply reflect the highest DOS maxima. The switching from one to the other mechanism occurs around + 100 mV. Note that the minima of the SdH-oscillations which are a measure of the DOS between LL's are especially deep around the marked flat band conditions in all traces. This demonstrates that flat bands are still correctly described by eq. (1) even for an applied bias of +300 mV. We interprete the suppression of the band-conductivity as consequence of the LL splitting in a weak 2D-periodic potential: the increase of the mobility and the change of the built in potential creates a condition in which the subband splitting becomes resolved and therefore effective. The switching from band-conductivity to the oscillating scattering rate contribution can be verified theoretically. Calculations taking into account both, the peculiar energy spectrum and collision broadening effects within the self-consistent Born approximation have been carried out and are presented in this issue [12] . The magnitude of the band-conductivity depends on V, and r in a complicated manner and may dominate the scattering rate contribution or not. It is shown that, as in experiment, both situations are possible.
The suppression of the band-conductivity contribution as a function of increasing magnetic field is displayed in fig. 3 . All data have been taken at 4.2 K. For I(, = + 150 and +200 mV clear band-conductivity oscillations emerge around 0.15 T but are suppressed if the magnetic field is increased above 0.25 T. In the view of the picture given above this means that the subband splitting of LL's with high quantum numbers (n = 27 for V, = + 100 mV) is not sufficiently resolved with respect to collision broadening. This is consistent with the (nX)-'/4 decay of the modulation bandwidth. For V, = +300 mV where the Fig. 3 . pXX versus E for k's = + 150, +200, and +300 mV (from top to bottom). The mobility increases from 1.7~ lo6 cm2/Vs to 2 x lo6 cm2/Vs. Switching from "band-conductivity controlled" (minima at flat bands) oscillations to "scattering rate controlled" (maxima at flat bands) oscillations occurs at _ 0.25 T for both upper traces. For Vs = +300 mV, bandconductivity is completely suppressed.
SdH-oscillations emerge around 0.6 T.
mobility is increased to a value of -2 x lo6 cm2/Vs band-conductivity oscillations are effectively suppressed.
Only an indirect manifestation of the internal LL-structure could be given so far. Around 0.54 T (Q/Q0 = 3) in fig. 2c a LL should split into three subbands. Although the temperature is low enough (kT -5 PeV) to "scan" the Landau bands (whose width might be of the order of 100 PeV) no structure is resolved within those Landau levels. However, small inhomogeneities in the carrier density, e.g., can cause "averaging" over one LL. Only -7% of the carriers are within a LL at 0.54 T in fig. 2 . Fluctuations on the order of 1% can therefore easily prevent the direct observation of the internal LL-structure in macroscopic samples while the suppression of the band-conductivity indicates their existence on a mesoscopic length scale. By going towards smaller periods, and shifting therefore Q/Q0 = 1 to higher magnetic fields the internal structure of the LL's should become directly observable.
